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ABSTRACT s
‘n reviewing the engineering requirvements of the contract we

find that four basic problems existed:

Ho, 1 Construction of the resistor.
Ho, 2 Glags base problem.
He. 3 Glass frit problem.

Ho. & Methods of improving evenness by spraying techniques,

Hach of theae problems are analyzed.

A3chedule A eguipment of a non-standard design is {llustrated

and described,

“he pilot runs were successfully fimished October 10th and
these results ara amalyzed. Copiesx of test vesults are included as

an appendix.
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¥o. 1 CONSTRUCTEION OF RESISICRS

The origimal construction contemplated for the resistors was a
glasa sanduich with swedged leads in between., (Quarterly Report No. &)
Tha construction had been proven out using windew glase as a substrate
material for the resistor film., With window gless tha frite vere agvail-
abla to exactly wmatch the base and therefore multiple coats of frit were
wged o hermetically se2l the vesistor £ilim. Thewe units were tested om
polarization, humidity, and all other MIL tests and had no problems ex-
cepi on load life due to the window glass base. The only requirement
was to substitute a gcod elzctyical glass for the window glass base and

this would provide a2 unit that would paus the MIL 10509 apecification.

Projer electriczal glass was purchased from Corning Giass Company
in Februar; of 1956, some months before this contract was awavrded. Wea

were assurad that a properly matching frit wouid be no problen to eitainm,

wn the succeeding montlis several typew of frit were sent to ue
tut al. of the fi*lts were too high in ewpamsion or softening pein: to
fit tas bazs glass that woe made. The meximan thickness of aveilubis
fric raat cculd be inxed onte the Cernlng base glawy was 001 thick
becavus: of excexsive strein, This wee noz gnough ke ssal the film
since umall pin holes and certain other imperfections in the Irit prou-

vided a direct patn to the £ilm,

in sur window glags expenience it was found that four separately

fired woais of Zrit giving & total (004 thicknase wers nmoeedsry to



guarantee a hevrwmeticslly sealed unit. Attempts to use the Corning glass
wich one coat of frit and overprinting with & resin to fill ir the voids

in the frit were tyied., These were «nly partially asuccessful,

The approach of using a low melting point frit to seal the two
glasnes together was cried‘(Quarterly Report Ko. 4 and No. 6%. In this
upproach 1t was found that the temperature required to fuse the low
meiting point frits was enough to chenge the vesistance value aanl bring
it cut of toleramce. The lowest temrevature frits we weve able to
obtain the: would not provide too great ¢ mismatch ware about 300°F.
'This temperature created other problems r3 oxidization of the copper
laads and destruction of the tin on the copper suriace. After Jusing,
“he ¢xide on the lezds hod to be acid etched or sandbiasted, nslthex
cf which proved satigfuctory in ovder te solder dip the leads to restore
thea to the'lr origlral zondition. This approach was sbandoned vhen it

vas found that the problems cited could not ke overcome.

The uge of ccld getiing incrgaric cements was tried (Quarterly
teport Ho. 5% but wsa fowad to be umsuccesgful althkough the manvfaciurers
of these cements reported thew to be waffected by water., We were
wnable o find a single cold seziing cemeni in this class that was not
comsletely woluwble in water in a velatively short period of tine,

418, the tensile atrergth of these c:iments was very low gnd would not
provide encugh assuvance that the leads would not twismt open the sand-

vich in actual use. This mathod was abandoned after several trials,



Finally it was decided to use an epoxy resin (Quarterly Report
No. 7) and this approach was used in the first pre-production tests of
Item 7. These pre-production tests were partially successful. Problems
developed because of moisture that was able to penetrate the thin layer

of frit which produced losses in polarization.

Problems also occurred in humidity testing when water was absorbed
ia the hairline openings of the frit. This water remained for many
hours and sometimes for a few days beiore it completely evaporated.
This presented no problem in low valu~ registors but in values above
200,000 ohms it presented a much lower value due to moisture. This
lowering of the value or shorting out of the resistor due to entrapped

moisture was enough to bring the valus out of tolerance,

Various modifications of the saundwich ccustruction were tried
(Quarterly Report No. 8, 11 and 12} to make it workable with the Corning
Glass but none were completely successful. Finally in an effort to
overcome these problems the sandwich application was put aside and a
single giass was used siace experience has dswonstrated that one of
the major problems was the trapping of moisture in areas not completely
exposed to atmosphere. These areas occurred in the fine pinboles and
cracks in a single layer of frit hiddeun from the atmosphere because of

the narrow space between the sandwich.

In the single piece of glass resin was used on top of the frit
to attempt to pass the polarization test (Quarterly Report No. 14}.

Pre-production runs were made with this comstruction but ran into several
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problews, wmainly in polarization because cf the inadequacies of resgin
insulztion over the thin layer of frit. Experiments ware made with
many kinds of reain tc try to protect the single layer of frit. The
begi resing were found to be siliconsx but unfortunately these resins
were 8o brittle that on temperature cycling cracks would develop and
the resigtance film would bacome exposed. (Quarterly Report No. 15
and No. 16 However, sufficient pre-production testing was run using
tivlg comstruction to substancially prove out the qualities of the
egigtor f£ilm, The finmal construction (Quarterly Report No. 17 to

Ho. 253 that has been successful and has rassed all of the pilot run

tzsts i8 as 1llustrated,
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Due to the obtaining of proper glass for the resistor, certain
construction featuree were able to be used that were not possible with
the previoua base glass, The final ccnstruction is a unit that is com-
posed of a glasa plate with two "U" shaped leads attached to the ghort
endg aad insulation Zimited to the metal caps. The preceding sketch
iillusirates the resistor with the insulation in shaded pattern ia ordex

to more clearly show the cap constructioun.

This construc:iion 1x identical for all wattage sizes from the
1/8 Watt to the 1 Wart, The method of manufacture is identical for alil
wattage sizee until the final cutting of ¢he glass sheet. All values
are msde on the same size sheat which at the present time is 8" x 10" x
.060 ¢hick. %he 1/2 Watt size of 1/4% x 1/2" has 504 resistors and the
'1/8 Watt size which is 1/8" x 1/4" has 2016 resistoxs on a sheet. Differ-
ant gizes of resistance velues ave processed by idemtical stepe merely
using different photographic imsgez. Wher the sheets are finiched they

are then cut into their respective sizes gnd capped.

The detailad ateps of the resistor imsge pattern and the various
printing patterns used for the resistor are given in Quarterly Report
No. 17. The construction is made possibla by the use of a different
substrate glass that ie high emocugh in expansion to permit using more
available frits. The frit thickness is .004 and is obtained by four
separately fired coats. The caps are directly over the frit but be-

cause of the seal this presents no problem. This construction solves
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ali of the previous problems that weie encountered except for the imsula-

tion over the resistor caps.

The insulating shrinkable slaeves that were used during the pilot
run are not completely satisfactory. Because of the shifting of the
g8laeves during shrinkage they cannot be accurately placed over the cap
and in a certain paercentezge of units the sleeves must be replaced since
they do not adequately cover the metel cap. Other methods of insulating
the cap were investigated such as powder resin coatings, but no funds
were avalilable for incorporating this type of equipment into the final

operations.

Y0, 2 GLASS BASE

When the contract was negotiated with the 5ignsal Corps it was
thought that the oniy problem that wss gclved was the glass base problem,
As 1t turned ocut, it was the only prcblem that was not solved. It was
aot until five years afier the contract sward that a zliass base of pro-
per qualities was available for resistors. If this base were available
a2t the atart the entive contrect would have been finished in eighteen

months instead of six years.

Due to the difficulties involved trying to find a frit to watch
the base glass, a glaszs cuvating machine was proposed (Quarterly Report
No. 2}. This aquipment would be designed to flow a thin coat of proper

2lectrical glass outo a window glass base. The electrical glass coating



would be of proper volume resistivity and coefficient of expaansion to
cooperate with available frits of adequate properties. Since no funding
was avallable at this time (Quarterly Report No. 6) it was attempted to
tyy some alternate methods to achieve a proper electrical surface. One
iine of experimentation was of depositing a non-conductive coating of
approximately one idcron of iridized filw, These films permitted load
1life performance in the order of two or three times better than window
glass but the best results were gtill short of what was possible with

& proper eclectrical glags surface. Also, a problem in the thin iridized
£1ilm was the eventual breakdown Chrough the film after which the resistor

would perform no better than with a windcw glass substrate.

Another method tried wss that of printing frit with proper electri~
cal propzrties over window glass in attenpting to fuse the frit at high
temperatures. (Quarterly Report No. 7). This approach was only partially
successful because it wag found that even at temperatures so high the
base glass werped beyond usability, the frit did not flow sufficiently
to provide a proper surface for fine detail, Apparently entrapments
of infusable materisl in the frit, either because of the small particle
size or chemical chsnge due to the small particle size, prevented a

continuous surface from forming. This method was put aside.

Funding became available for evaluating the flowing of a thin
glass film onto a window glass substrate. A miniature melting tank

vas set up which consisted of a crucible to hold about two pounds of
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molten glass with an orifice and a coaveyor on which the glass moved
at a conscant speed over the orifice. The conveyor was heated %o
bring the glass sheet above the strain poiat (Quarterly Report No. 8)
and a platioum rod was used as a doctor blade to accurately provide

a proper thickneass for the molten glass,

Small gsamples were made and resistor films were tried upon
theae. It was disceovered that sodium migration would penetrate under
conditions of usage through the thin layers of electrically adequate
glase. Apparently s thick layer of gleass would be required for this
application and since thig was beyond the ranges of the equipment and
funding that wae aveilable, it was decided to tyy to find a source

vhat would make the electrical glass in sheets.

We were unsble to purchase proper glass from Corning at this
time and mede arrangemente with Bausch & Lomb Optical Company for a
run of glass which was umsuccessful, and a lster run was arranged with
Hayward Glass Compauny which was also unsuccessful. Each rua consisted
of 1,000 to 2,000 pounds of glaess that was cast in@ a2 large slab and

then sawad into slices and ground and polished to a proper thickness.

The problems of grinding and polishing large sheete of glass
proved to be very difficult and our yield was so low that it became
apparent that this was not a practical method for us. The only practi-
cal method was to make the glass sheet by direct dzawing go that ao

grinding or polishing would be necassary.
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We finally decided to attempt to make our own glass drawing equip-
ment. The design was started early 1960. Successful glass was not made
until May of 1961, The new basa glas: has proven out very well and has
answered all of the requirements that we have previously specified.
Control of coefficient of expansion and volume resigtivity, two of the
important problems, are very readily maintained to close limits. Other
controls as flatness, thickness, tolerance, and other physical specifica-
tions are maintained much closer than the glsgs received from Corning
Glags Company and this has gimplified the later processing very con-
siderably. The glass facility has a production capability large enough

for all of the substratas that we will require for the next few years.

MO. 3 GLASS FRIT PROBLEM

In a previous statement we have said that cur main problem in
completing the contract on time was a glass base problem. This is not
completely accurate. If we had found & firit to match the Corming Glass
that had previously been purchased for the contract there would have been

no glass base problem.

Corning Glass Company attempted tc supply us with a matching frit
for the glass for almost a year until they had ncthing further to oifer
us. We then contacted all of the major frit manufacturers ia this
country and abroad in an effort to buy either a commercial cr mede

to order frit to fuse upon the Corning glaes.
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After several months of trying the wany, many, varities of frit
that vere sent to us by these manufacturers we were forced to comclude
that we had not yet found any frit that would work, and in addition

there were no commercial prospects left to try of which we were aware.

Lt was decidel to set up our own Erit making facility and attempt
to develop a frit ourselves, Such a facility was organized {Quarterly
Report No. 7) and was completely equipped with physical and electrical
meagsurements for proper selection of the glass frit. Literature and
patents were combed for prior work in this field. Many experiments
were performed and finally after almost two years a family of glass
frits were developed that did not match the Corning glass but were able
to be fired on in very thin coatings with little enough strain so that

it was possible to at legst run pre-production tests with resistors.

We gave up the search for a frit with low enough expansion and
low enough softening point to fit the Corning glass. The only way out
we had decided was to find a higher expansion glass. This would bring
into range several frits that were cormercially available or that we

had formulated.

After our base glass had been wmade in our own facility we were
able to find a suitable frit with the proper matching characteristics
for the glass. It was thought that it might be better to have the frit
made by a commercial manufacturer but when the specifications of manu-

facture were submitted to us by the ccomercial manufacturers we decided

-11-



that thelz lwits of parity were aot adequate to meet the bewr electrical
requivements . Wo theiefore decidvd to manufacture our own frit so that

the purity avd maximom elwctrical oreperties could be maintained.

We have at our own sxps.nss & frit makiug facility that can melt
a thourand pounds of frit :nm one fiving. 7Jhis facility i» adejuate for

all of our forneesble needs,

NO. & ME7YODS OF VHOROUING FilM EIFNHESS BY SPRAVING TECHNI QUES.

thix did not loom as a s«ricus problem at any time but a certain
amouni of work was done omn this, wostly by way of modifications of spray
technique ., Ar eiectromtatic spra2y field was set up whereby the glaws
wag =t at ground potential ev2 the spyray gun was operated gt D. C.
veltagns of 75,000 to 150,000 volt.. [ he spray ejected from the gun
wan charged with gpsroximately the sane woltage as the gun and was
attracted to the glaas becausa of the potential difference. This tech-
nique resulted in 2 elight improvement in evenness but not enough to

justify the extra hazard of the high voltage in che spray cabinet.

Tt was thought that multiple gpray sources wight give a better
distr ihution of fluid upon the subwtrate. Muliiple hraded gums were
rizd but were not completuly successful. Problemy such as intermingling
cf field edges, interierarnce of spray patterns from adjoining nozzles,

less predictable spray patterns, and general lessening of control



resulted from the multiple head nozzles. It was also found that fine
atomization was more difficult to achieve with these heads. (Quarterly

Raport Ho. 6)

The possibility was explored of modifying the spray pattern with
axternal air jets. The internal air jets of the spray nozzles were dis-
connected and they were replaced by large external jets. A few experiments
indicated that the volume of air required for control with the jets re-~
moved from the spray, made it almost impractical inm trying to gain close
control of the spray. Therefora this approcach was abandoned after a

few trials.

Another approach similar to this method was attempted (Quarterly
Raport No. 7} to provide the air used to modify the spray system was
provided by modified loud speakers. The speakers generated a pultated
type of air current that it seemed would make control simple because
the pulses could be coantrolled electrically. This method presented
promising possibilities except that the proper volume of air would have
required a tremendous speaking system and ite very size would make it

impractical to use in the spray booth.

The systenr that we have found the best gsuccess with has been a
single headed reciprocating spray gun. This gun gives us uniformity of

4+8% over the entire sheet which we feel i1s adequate for our present needs.
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Technician
Technician
Mechanical
Supervisor
Technician
Technician
Techaician
Teclnician
Electrical

Techanician

Engineer

Engineer

Engineer



z SCHEDULE A EQUIPMENT

it RESISTOR COATING BQUIPMENT INCLUDING LECTRODRYER

"his includes the largest grouping of component units. The
proper deposition of tin oxide films onto a substrate requirea exact
control at every point.

The following five photographs illustrate the major operatioms

and concrols.

PHOTO NO. 1

Photo No., 1 is a view from the back of the antire operation.
“h: Lectrodryer i3 on the exirewma left of the spray booth ir the
center behind the conveyor structure, and the furnace is behind the
spray booth and camnot be seen from this point. The conditions in
the sprxay booth prior to spraying the solutions onto the hot glass
must be held very closely as far as temperature, humidity, ard

velocicy of air movement.
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A large duct controls the afir flow from the Lectrodryer to
the bocth, The duct is seen in the photo as an inverted "U" and
has a crogs sectional avea of three cubic feet, In this way large
volumes of air at low velocity are able to be pumped into the booth.
The Lectrodryer maintaine the air at an exact humidity and tempera~
ture and provides all of the air into the booth, All other inlets
to the booth are sealed except the slots that provide the entrance
and exit for the conveyor racks. However, no outside air can come
in through these arcas because of the positive pressure maintained
by the Lectrodryer.

The spray booth is compartmentalized and bzffled to permit
proper control of coavection currenis. Maximum uniformity of
temperature and minimum of cooling of the hot glass is maintained
as it leaves the furnace and arrives imto the booth for spraying.

The Lectrodryer exhausts its conditioned air into a chamber
comprising approximately 1/8th the total volume of the spray booth.
This chamber acts as an intermediate storage area where the new air
mixes with residual alr of the hooth and through various openings
pours into the spray booth proper but at a lower velocity than enter-
ing into the first compartment, The conditioned air slowly moves
toward the convayor. Immediately in back of the conveyor {3 a large
baffle that {8 designad to prevemt unaqual air currents resulting
from the intake to the exhaust fen, which exhaust passage is seen
on the right side of the photo. It will be noted that the exhaust
duct ic very lavge to parmit a high volume but low velocity removal

of air from the booth.
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The conveyor chain operates above and outside of the booth,
Hangers at spaced locations are fastened to the comnveyor chain by
stainless steel bare. The bars permit a small slot approximately
1/2" wide to handle the moving racks through the furnace and the
booth.

The conveyor operates under a constant tension to provide for
compensation to expansion and contraction due to part of the com-
veyor being constantly heated when it ig under the furnace. 8ince
the total conveyor chain is approximately 50 feet long, cherges im
its length of 1/2" to 1" are constantly occurring and are continuously
accomodated by the constant adjusting sprirg loaded conveyor structure.

The conveyor chain is of a stainless steel composition to
prevent scaling that would interfere with the cieanliness of the
glass surface necessary for proper film deposition., The chain drive
operates at approximately one foot per second and has an instant
clutch and brake arrangement. This makes it possible for the fur-
nace dcors, which are air opera;ed, to carry the glass into the
furnace and the doors to clogse in the matter of two seconds. The
fast transfer of the glass into the furnace permits the furnace
ambient to be held very closely and the heat pattern to be main~
tained so that equilibrium is resgored withiu a matter of seconds

after the door is closed.
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PHOTO NO. 2

Photo No. 2 illustrates more closely the relations of the
duct from the Electrodryer to the first compartment of the booth.
On the left side of the photo the backs of the inmstallation to

control temperature and cycle in the furnace cam be seen.

PHOTO ®0. 3

18.



Photo No, 3. Part of the control panel is shown. On the
left of the panel is the main switch for the heating elements and
the amseters which indicate the balance achieved on each phase of
the three phase load.

The timer in the upper right hand cormer controls precisely
the period of solution spray onto the glass im the booth. Solution
spraying time is limited to ten seconds. Any interval longer than
this has been found to cool the glass to a stage that change the
electrical properties.

The cabinet on the stand on the right side of the photograph
ie & four station recorder whose iuput is fed from four fixed Ray-0-
Tubes, Their function is to constantly monitor the temperature of
the glass directly in line sight of the tubes as the glass heats in
the furnsace.

The fifth and center tube that can be seen more closely in
Photo No. &4 directly conirols the instrument oau the extreme right
of Photo No. 3. This imstrumeat operated at a pre-get temperature
which when reached and indicated by the cemter Ray-0-Tube auto=-
matically opens furnace doors, activates the conveyor to move the
glass into the booth where other timing equipment automatically

starte che spray apparatus for its pre-determined period.
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FPHOYO NO. 4

Photo Ne. 4 provides a closer look at the furnace showing
the air operated left door, the five Ray«0-Tubes in the center of
tke furnace and part of the variable transformers on the lower

part of the furnace.
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\ Technicion ploces glems sbsivaty sheot In halder prier to hausing it In cantvelied
elactric furnace where thin film depesition by thesmal decsmpasition will fehe
place. Furnace operator edjusts autemetic temperaiure end tHme eysling sontrels

PHOTO NO. 5

Photo No. 5 illustrates the operation of the conveyor amd
furnace. The Ray~0-Tubes are seen immedietely at the left of the
operator. The center position of the furnace heating elements is
compoged of mine 6" x 6" individual heating platea making a 18"x18"
surface. These heating surfaces are arranged in two parallel walla
facing each other separated by approximately 12", the center of
which the glass travels through. The heating walls bave geparate
elenents on the upper one~third, the bottom one-third, and the left
and right gsides, which give the operator four general zones and

nine spot zones of control on each side of the furmace.
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Since the glass to be heated is approximately 12" x 14" vary
exact control of the heat pattern onto the glass is possible. The
exact temperature cf different areas of the glass sheet is very
important at this etage because of the necessity to compensate for
the umevén cooling patiern experienced when the glass enters booth
tempera-ure alr prior to asprayiug.

Yurther unevenneas in temperature due to cooling during spray-
ing must be compensated for during the heating cycle; especially
aince the spray cooling i quite complex, depending upon different
vates of radiation from cornexs to sides to the center of the glass.

The temperatuvs pattern of the glass whiie in the furnace
must be controlled to :ompensate for these later changes. With thege
controls we are able to maintain resistance of a large sheet of glass
to beiter than +8% over the entire sheet, Better control of re-
sistance 1s possible with the present control system alchough we
have not tried to achizsve less wvariationr at this time.

“he calibrating method that is uvsed to finally produca *1%
rveuistors ie able to produce 2 1% vesistor with a *8% wariation
through the sheet.,

“he glass sheet after it is sprayed and the tin oxide film
han been formed, steys om the ccnveyor holder until the holder re~
tuens to aa initial pozition which can be seen im Photo ¥o. 5 as
the technician on the laft has removed the glass and is replacing

it with a giess to be processed.
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PHOTO IMAGE APPARATUS

After glasses have been processed with tin oxide coatings,
a photographic image 18 printed onto the oxide coat. This i{s done
with conventional photo rasist equipment such as illustrated in

Photo No. 6.

PHOTO NO. 6

“ha photo reegist is whirled onto the glass sheet to dry it
and then placed into a fixture which is part of a vacuum printing

frame. This fixture locates the glass sheet in relationship to the
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ITEM

image patteru on a glass nagative. The location is important since
many subsequent operations are performed which must be held to very
close regiastration,

The glass is exposed before s conventional arc lewp which
fixes the 1lmage upon the photographic surface and with other con-
ventional operations the photographic pattern is developed and dried.
The oxide coat is etched and this provides the proper number of
gquares for the particular value that 1s required.

Y¥n the previous quarterly report the configuration design is
detailed along with the several printing operations on the glass

sheet,

SURFACE COMBUSTYON LEER

The lehr or conveyor tunnsl furnace ig onas of the important
pieces of equipment in order to cbtaim reproducibility betwaen
resistor sheets., Tha lehr is iilustrated im Photo No. 7 looking at
the exit end. The conveyor belt and belt speed adjustment mechanium

are at the extreme wight.

PHOTO
NO. 7




“he lehr is2 spproximiutely 50 feet long and ia divided inmto
several zoues of temperature gradient. The first zone starts at
approximately SC0°F. Glasses are fed into thie zone and the tempera-
ture ig maintaived on 2 gradually rising slope for about ten minutes.
During this time materials such as solvents and olls used in the
printing paste are volatized. As the temperature rises to 700°F -~ 800°F
binders as ethyl cellulose used to hold the screening paste together
are burned a7ay and at 900°F ali organic material disappears from
the printed layers.

“he temperature coutinues to rise as the conweyor‘belt brings
the glaus closer ito the hottest controlled zone. This zone ig set
at a rauge from 1100°F to 1200°F depending on the nature of the
material beipg {used to the glags., Whatever the temparature range
selected the temperature is held to + 1°C. In the maximum tempera-
ture zoue a high velocity blower helps maintain the constant tempera-
ture thwough the use of baffler and directional exits in the brickwork.

The beating elemeats in the lehr are gas fired stainlegs steel
tubes. These tubes are approximately 4" in diawater and twist under
and over the heating chamber and eventually emerge through the top
and feed into a central exhaust system. In this way only the outglde
surface of the tube provides the input of heat into the lehr chambex,
The gas flames that heet the tube are all contained on the inaide
of the tube and their exhaust products are getherad by the central
exhaust systen which can be seen on the top of the lehr in Photo Ne. 7.

¥n this way products of combustion of the fuel never gee the glazs
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gurfaca and reactions by the combustion produ:ts and the glass sur~
face and pastes cemnot cecur,

Thermocouplas are placed im several zonas on both s‘des of
the lehr and are monitored in a central thermocouple recording

station.

Impector chacks sheets of thin film resistors as they emerge from lehr wheie +¢

metically seoling glass frit has been fired.

PHOTO MO. 8

In Photo No. 8 the operator on the left {2 checking the
tenparature of the wall in the hot critical zone through a special
door built for this purpose. This provides us with a direct chack
upon the thermocouple system that fs used to control the temperature
of the iehr. The operator on the right is inspecting glesses that

have been fired and sealsd with glass frit.
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ITEM
8

SILX SCREEN MACHINE

This equipment hag been illustrated in previous reports but
Photo No, 9 18 a close~up showing the metal mesh screens and the
registration plate used for printing terminals, insulation, frits,

and other printing operations onto the resistor glasa.

Operator performs printing of siver terminal cennections en o shoot of 3300

resistors,
Crm— ———

PHOTO NO. 9

in the previous quarterly report details on the printing
operations were given showing each pattern and the type of material
printed upon resistor glasses.

The registration system as seen on the table consists of

three guide positions., These are the same guide positions that
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were used in the photo resist process and that are used in the
caiibrating and cutting operstions. This gulide system permits the
location of auy part of the image on the glass to be located on

the various equipments with a maximum error of +.005.

14SS CUITING MACHINE

This machine scores the glass sheet snd permiis the breaking
of individual resistors into a pre-determined size. In Photo No. 10

a general viaw of the machine ig seen.

PHOTO NO. 10

The caxriaze hag provision for multiple cutting wheels and
the entire head moves from front to back. Spring pressure is main-
tained individually on each cutting wheel agsinst thz gleas sheet.
Tha glass sheet is held fizamiy as shown in Photo No. 11 against thres

gulde prsiticns onte a vacuum table.

o
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Shoots of resister oloments are soaved and divided inte individual elements.

PHOTO NO. 11

The vacuum table holds the glase firmly ae the glass is
scored. After a single pass is made the handle illustrated in
Photo No. 10 om the vight front side of the machine is depressed
and the entirve table then iz manually moved 90° from its original
position. A second pass of the head ig then made and the glass is
now removed, ready for breaking inte inmdividual pieces.

“he cutter separations are nominally set at 1/2" centers,.

For 1/4" x 1/2" resistore the 1/4" score must be made in two passes.
This is accomplished by moving the lever illustrated in Photo No. 10

on the extreme left hand side. The levar moves the table from left
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to right in the increments of 1/160f an inch. This makes it possie
ble to score glassea with dimensions of 1/8" x 1/4" and 1/4" x 1/2"
and 1/4" x 1" with the same standexrd head, After the cutting opera-

ticn, glasses are broken and are assembled.

ITEM CALIBRATING MACHINE
The calibrating wachine was illustrated with photographe and
explained in detail in the previous report. The resistors are cali-
brated to *1% while they are in sheet form. This permits precise
registration of the adjustment areas so that the sheets may be cali-

brated automatically without registration problems.

ITEM  GLASS CONTROL EQUIPMENT
30

Tha varicus items that make up thig group have been illustrated
previously and a discussion on how frit is made and controlled, in-
cluding photographs of the equipment, is contained in Quarterly Report

No. 7.

“he other itews are all standard equipments and essentially

shelf iteme.
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AMALYSIS OF PILOT RUNS - TIFMS No. 1, 2, 30 SanSa AND 12,

On the whole the tests ran smoothly and there were few
problems. The mair problem was that of insulating the resistor
cape with the mylar sleeves that we had decidsd to use for this
run. The length of the sleaves was not uniform and the degree
of shrinkage was not the same. This provided a problem in the
Group III test where mauny of the slagves had to be removed and
replaced because of permitting bare spote im the cap to be ex-~
posed. This would cause polarization failures and failures in
the reduced pressure dielectric test,

in order to proteczt the Style RN 60 properly it was found
that the identification on the resistor had to ba almoat completely
coverad., Bscause of this, separate identification tags were made
&nd attached to 2 lead of cach resistor. For the other sizes the
identification on the resistor body were still accessible and could
be used.

¥n Group XII tests comgidersble leakage was experienced in
the high humidity readings. In one case a 301 K registor registered
a .6% difference between the high humidity for subsequent ambient
reading (Resistor No. 15).

Group IV teets ram into some problemez on the +65°C reading
for temperature coefficient, RN 65 Resistor No. 24 of 49.9 Ohms
was out of tolerance. However, when this iresistor was read after
load 1ife it was found to ba in tolarance and in agreement with all
the other temperaturaes 2ot which the temperature coefficient test

were taken.
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Style RS 75 in Group IV tests of 2 Megohm value Resistor
No. 23 was out of tolerance in the +65°C and 175°C readings. This
resistor was discovered in the first few hours of load life testing
to be erratic and the load life oven was opened under the supervision
of the Quality Assurance Inspector. He found that Resistor No. 23
vas connected loosely to the terminal, apparently because of a cold
solder joint. He permitted this resistor to be resoldered to the
terminal and it passed load life testing. After the load life test
a new temperature coefficient was taken and the results of +7 parts
per miliion was found to agree with the initial readings of -15°C
and =55°C test. Our theory is that the comnection became inter-
niitent between the «55°C and +55°C point and remained intermittent
until the defective joint was discovered in the load life test.
However, this resistor ig classified as being out of tolerance.

load life tests for Style RN 60, 200 K, ran into a problem
on the 750 hour reading. Sometime between the 500 and 750 hour
reading the regulated power supply lost its regulation and the
voltage want out of control and was observed to be at 350 Volts +.
Since the voltages were chocked daily this condition could not
have existed for more than 24 hours. However, since the pfoper
voltage should have been 158 Volts, at least five times wattage
wae ilmpressed upon these units for this time. As a comsequence
the 750 hour reading is gomewhat out of step from the normel pattern
of load life changes.

Ta Group IV testing, both the shock and high fraquency
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vibration were performed outside our plant. The Quality Assurance
Inspector parmicted ug to bypass resistance i1eadings after chock
and make only a fipal resistance reading after high frequeacy vibra-
tion.

In Scyle RN 75, 2 Megohm, Rasistor Wo. 3% was brokea during
counection o the vibration fixture. 1t was shorted out ancd the

test was run with it in place,
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MLL R-10509-D —GROVP 111
DEFECTS ALLOWRD ___1 METHOD PARAGRAPH: 4.6.8, 4.6.9, 4.6.4,
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WLL R-10509-D . RESISTOR QUALIVICATION IRSIS GROUP 11
DEFECTS ALLOWRD __1 METHOD PARAGRAPH: 4.6.8, 4.6.9, 4.6.4,
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MIL R-10509-D ) —_GROUP 11X
DEFECTS ALLOWED __1 METHOD PARAGRAPH: 4.6.8, 4.6.9, 4.6.4,
NOMINAL RESISTANCE __ 495 a 4.6.10, 4.6.11
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METHOD PARAGRAPH: 4.6.8, 4.6.9, 4.6.4,

a
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MIL R-10509-D GROUP III
DEFECTS ALLOWRD __1 METHOD PARAGRAPH: 4.6.8, 4.6.9, &4.6.4,
NOMINAL RESISTANCE DS\ o 4.6.10, 4.6.11
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STYLE RN oS
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=10309-D _GROUR 11X
DEFECTS ALLOWED _ 1 METHOD PARAGRAPH: 4.6.8, 4.6.9, 4.6.4,
NOMINAL RESISTANCE __4DSK a 4.6.10, 4.6.11
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z DEFECTS ALLOWED _ 1 _ METHOD PARAGRAPH: 4.6.8, 4.6.9, 4.6.4,
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.~ WLk R-10509D _RESISTOR QUALIFIC: N IRSTIS _GROUP IIL
DEFECTS ALLOWED _1 WETROD PABAGRAPN: 4.6.8, 4.6.9, 4.6.4
NOMINAL RESISTANCE  ADS 0 4.6.10, 4.6.11

CBARACTERISTIC () MR ___ IO SEOT &2

DIELECTRIC WITHSTANDING and INSULA-
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* ON MOISTURE RESLSTANCE TESTS, 3 RESISTORS BAVE A POLARIZING VOLTAGE (“P")
OF 100 v.D.C. APPLIED IETVEIN THE LEADS AND A TOLARIZING STIRAP IN CONTACT
WITR TRE BODY OF THE RESISTIOR. THE RMAINING FIVE ARR 1OADED (VL") TO
1002 RATED WATIAGE UNLESS THE RESISTANCE 18 AROVE TIR CRITICAL VALDE.
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DEYECTS ALLOWED l . METH' ‘ARAGRAPH: ‘060" ‘060’. 4.6.4
NMIIAL RESISTANGE QOO 4.6.10, 4.6.11
CHARACTERISTIC < DATS 1O _SepT &2
STYLE RN _O
T DIKLECTRIC WITHSTANDING and INSULA-
SWITCH| RESIST. TION RES. (100 MEG.-MIN.) v
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® ON MOISTURE RESISTANCE TESTS, 3 RESISTORS BAVE A TOLARISING VOLIAGE (“Fr")
OF 100 V.D.C. AFFLIED EEIVEER THE LEADE AMD A FOLARIZING STRAP IN COWTACT
WITH THE BODY OF TIR RESISTOR. THEE RIMAINTNG FIVE ARR 10ADED ("L") %0
1007 BATED VATDAGE UNLESS TUR RESISTANCE IS ABOVE THR CRITICAL VALDB.
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MIL R-10309D RESISTOR QUALIFIC' « IRSTS _GROUP 111
DEFECTS ALLOWED _1 METEC) VARAGRAPN: 4.6.8, 4.6.9, 4.6.4
NOMINAL RESISTANCE __DO) K 0 4.6.10, 4.6.11
CHARACTERISTIC < DATE 1O _TECT €2
STYLE XN ey |
T
DIZLECTRIC WITRSTANDING and INSULA-
SWITCH | RESIST. TION RES. (100 MNG.-MIN.)
w. | wo. METHOD PARAGRAPE 4.6.11% —
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* ON MOISTURE RESISTANCE TESTS, 3 RESISTORS EAVE A POLARIZING VOLTAGE (“P*)
OF 100 V.D.C. APPLIED BETWREM THE LEADE AND A FOLARIZING STRAP IN CONTACT
WITH THE BODY OF TEE RESISTOR. THE RIMADNING FIVE ARR LOADED (L") TO

 100% BATED VATTAGE UMLESS THR RESISTANCE 1S ABOVE TIR CRITICAL VALUE.
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WL R-10509D RESISTOR QUALIFIC: N (RSTS _GAOP I
DEPECTS ALLOWED _1 METRU.) ABAGRAPN: 4.6.8, 4.6.9, 4.6.4
NOMINAL RESISTANCE 4D . o 4.6.10, 4.6.11
CHARACTERISTIC < DATE _ O _=EPT &2

STYLR RN =l

DIRLECTRIC WITHSTANDING and INSUlA-
SWITCH | RESIST. TION RER&. (100 MEG.-MIN.)
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* ON MOISTURR RESISTANCE TESTS, 5 RESISTORS HAVE A FOLARIZDNG VOLTAGR (“P*)
OF 100 V.D.C. APFLIID BETVERN TIR LEADS AND A FOLARIZING STRAP IN CONTACT
WITH THE 30DY OF TWR RESISTOR. THR R INING FIVE ARR LOADED (L") 70
100% RATED WATTAGE WNLESS THRE RESISTANCE IS ADOVE TEE CRITIOAL VALDE.
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MEL R-10309D RESIEXOR QUALLFICA' ' oN_TRSTS
DEFECTS ALIOWED __1

METHOD PAMGRAPE: 4.6.8, 4.6.9, 4.6.4

WMDUL RESISTANCE _ S48 0 4.6.10, 4.6.11
CBARACTERISTIC = TS IO _SEPT &2
sTrLz m &
1 e pp—
swrren | Restst. TION RES. (100 MEG.-MIN.)
w. | wo. WETHOD PARAGRATE 4.6. 115 S
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ON MOISTURR RESISTANCE TESTS, 5 RESISTORS NAVE A TOLARIZING VOLTAGE (“P")
OF 100 V.D.C. APPLIED BETVEEN THE LEADS AND A FOLARIZING STEAP IN CONTACT
WITH THE BODY OF TER REBISTOR. THE REMAINING FIVE ARE LOADED ("L') TO

100% BATED VATTAGE WNLESS THE RESISTANCE IS ABOVE THR CRITICAL VALUR.
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MIL R-10309D ~RESLSTOR QUALLFIC: N (RSTS SROV® 11X

DEFECTS ALLOVED __ 1 METHC ' "ABAGRAPH: 4.6.8, 4.6.9, 4.6.4
NOMINAL RESISTANCE __ 4SS\ Q 4.6.10, 4.6.11
CHARACTERISTIC = : MR 1O SEPT &3

STYLE RN o=

DIELRCTRIC WITHSTAMDING and INSUlA-
SWITCH( RESIST. TION REBS. (100 MEG.-MIN.)
0. METHOD PARAGRAPH 4.6.11R
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# ON MOISTURE RESISTANCE TESTS, 5 RESISTORS HAVE A FOLARIZING VOLTAGE (“P")
OF 100 V.D.C. APFLIED BRTVAER THE LEADS AND 4 POLARIXING STRAP IN CONTACT
WITH TRE B3ODY OF TEK RESISTOR. THR REMAINING FIVE ARR LOADED (“L") T0
100% BATED WATTAGE UNLESS THE RESISTANCE 1S ABOVE TME CRITICAL VALDRE.
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MIL R-10309D ~RESISTOR QUALLFIC' '  IESTS SO 111

DEYECTS ALLOWED __1 METH : ABAGRAPN: 4.6.8, 4.6.9, 4.6.4
NOMINAL RESISTANCE ___ 2 M a 4.6.10, 4.6.11
CRARACTERISTIC < DATE 1Q SEPT &2
STYLE RN s
'.'1|' t
DIBLECTRIC WITHSTANDING and INSULA-
SWITCH| RESIST. TION RES. (100 MEG.-MIN.)
NO. ¥o. METHOD PARAGRAPH 4.6.11R -
} FINAL D.C.] % cn‘1 FINAL |%
RESIST. D.C. |{.5% ALLOW)
SIST
& 4 0=s11SS8d4 — O\
|11 4oy iasex] 4 .06
i 4077 1L 4,08
l‘q —_ DLq | _4‘Q
a1 1.3 -~ 4
42 -.09 4 .Q=
= =01 L1L383] —
A ] Q

* ON MOISTURE RESISTAMCE TESTS, 5 RESISTORS HAVE A POLARIZIMG VOLTAGE ("P")
0F 100 V.D+C. AFPLIED BEIWEEN THR LEADE AND A POLARIZING STRAP IN CONTACT
WITH THR 3ODY OF THRE RESISTOR. TR RIMAINING FIVE ARE LOADED (L") TO
1007 RATED WATTAGE UNLESS THE RESISTANCE 1S ABOVE TIR CRITICAL VALUE.
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s
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{f% B-10509-D RESISTOR TEMPERALURE CORFFICIENT QUA!JFICAINON TESTS CFOE IV
?, DEFECTS ALLOWED _ ] METHOD PARAGRAPH: 4.6.12

NOMINAL RESISTANCE __ 4D D N OVEN NO. : MR 22 AVG Q2

CHARACTERISTIC ___ < TIMP. COEFFICIENT: 50 PP CHAR. C.PF.

STYLX BN -@ 25 P CHAR. B

SWITCH|RESIST.IDC RES~ |DC RES ‘| T.C. DC RES | T.C. }DC RRS--
NO. NO. [125°Cct3 |-15t8°C |pPM/°C ||-55°t3°C |PPM/°C J25°Ct3°C
)) 21 0 SO0 1 2= \ 42= By =
3 013120001 41 3 Q ARG
2 -3 ﬂAS.SAB : 14530
4 =24 QA2 > $
Sl 2 ;
S 1 26
1 ( 21
‘. =
. > 2D
1O 20
H

T.C. DC RRSIST{ TC

pR/*c || 175°ce3°c| peM/oc REMARKS

+ 43 50412 '
.4 . . |,
4

Y

3

+

g

+

A

WOTE: RESISTORS MUST BRE STABILIZED *+ 1 C FOR 30 - 45 MINUTRS BEPORE READING

SISTANCE.
) et rtpacdle v 18
(Qf a‘h (kti“-;_ - C:v! LSRN 7 f
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MIl, R-10509-D ZCIENT QUALIFICATION TRSTS CROUF IV
<>
{. DEFECTS ALLOWED _ } METDD PARAGBAPH: 4.6.12
MOMINAL RESISTANCE _ 20O Q  OVEN No. mre 22 fog &2
CRARACTERISTIC < TEMP. CORPFFICIENT: 50 PPM CEAR. C.P.
pp——— oo , 25 PPM CHAR. B
SWITCH|RESIST.!DC RES~ {DC RBS -] T.C. DC RES
NO. | No. [|25°ct3 |-15t3:c |pEM/*c ||-S5et3°c
’
] oY ol Loconila30 oo
2 22 BT 20003 19939
=3 =3 20025 L 20021l 4 5
4 1 24 Hooo= | =
5 1l o= hssas]ianeald=ay i
2y 20 S =2t d o=
= -
. =) =
) 29 1 A
o\ 20 ﬁf\%&ﬁg_m& A7
: |
SWITCH :msxs'r.| DC RES. T.c. || pc RESIST
NO. | NO. I 6s°ce3cc PmM/oc || 175°ceacc
- ! + Al 201,34 1
D . -4 S aife )
= - I coos
4 2= | 2
= | YONRD
Lo = | 250, 4
-7 1 2
=Y IS !
S, L1 !
f@) | X 1
!

NOTE: RESISTORS MUST BE

i~

STABILIZED + 1°C FOR 30 - 435 NINUTES BEFORE READING



Bii B-10309 © TR RE O DALIFPICATION TRS
DEFECS ALLOVED _ 1 METMOD PARAGRAPH: 4.6.12

WOMINAL RESISTANCE ___ T\ W< 0 OVEN NO. M 283 Aog &2
CHARACTRRISTIC < TIMP. CORFFICIENT: SO PRM CHAR. C.P.

STYLE BN &0 . 25 P CAAR. B

SWITCH{RESIST {DC RES~ |DC RBS"'| T.C. DC RES - | T.C. }DC RES "~
NO. NO. [125°Ct3 |[-15¢3°C |PPM/°C |[|-S5°%3°C |PPM/°C [25°Ct3°C

'
T AT SR P R EEENRY
‘ G 1 22 O =22. 48 200
17 23 2 -2 29355
i2 AIT.6! | EEEYES
13 e Y - 2 ES < PR RN -
20§ 20 22 - %Y

21 21 SO A |
22 1 o= ABo=

N T

g v pogmens a— “ e

SR N PR o4 e a

i 2A RN ERa T - Ry & e

*z.. o 1

§ Ly

% )

} SWITCH |RESIST. T.C. DC RESIST| TC i

: NO. NO PPM/’C || 175°C3°C| PPM/*C REMARKS !
t
1
B
}
™

;

' A
]
1

R A Gre Rk CEAIETT 5= b2

. 4

i

H - 5 < LRV

Fadioair e v T T



| FORERRARIIN Y Lot e Loy e e

AR s W M o son wres

‘: DEPECTS ALLOVED _ | METHOD PARAGRAPH: 4.6.12
MOMINAL RESISTANCE __49.9 8 oMW, MRS Qo al
i CHARACTERISTIC c _ TIMP. CORFFICIENT: 3O PRM CHAR. C.T.
——— o 25 PPN CIAR. B
1
swircH|azs1st{bc aes~ (pc RS- T.c. || pC RES .| T.C. jDC BRES‘-
§ NO. NO. [} 25°Ct3 |-15t3°C |PPM/°C [|-53°t3°C |PPM/°C j25°Cti°C
= 1 2 easl SV RN N DS
= S 43920 3 PR
. 7 122 RO 43S 33~ I sOa0
i 12 S - = I =0 24
i 2125 LSQIED 450
é < e :5 = ' QN
=l 0183 15008 IFNES
N 459051 433 1495
% ) 2 i £O.00
3 - ' AD R
% Y !!
] t,
:
{
SWITCH |RESIST.| DC RRs. | T.C. || DC RRSISY{ TC RBMARKS
NO. M. 6s°ct3°cl pme/°c || 175°ce3c /°C
e TS 1o T = 11 —1 -
| § | -+
X 17 R .
| )
e 2O | 2
-—al- :}?_'@
23 =7 _
.—M—

WM THE GS°C TC WAS READ AFTER LOAD LIFE ANGC WAS FOUNO TO .RAE
+ 28 PPM,

NOTE: RESISTORS MUST BE STABILIZED t 1°C JOR 30 ~ 45 NINUTES BRIURE READTIO
RESISTANCE.

1‘“““ Lot -€7. e/ viionles

{. | SESINNG  Soe 0 -0
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o S

e oA
IRy S

C

WOMIMAL RESISDANCE _342 < 0 OVEM MO. Mz 29 Avg &2
CHARACTERISTIC < TIMP. CORPPICIENT: 50 PPM CHAR. C.F.
STYLE BN oS 25 PIM CIAR. &

SWITCH|RRSISTJIDC RES~ IDC RES~ '] T.C. DC RES | T.C. DC RBS /.-
NO. NO. 25°Ct3 | -15t3°C |PPM/"°C [{-53°t3°C | PMM/°C §25°Ct3°C
27 ' SRl — =54
|22 L{Rd4737] 42,5 {124
L . o] » — 3
2 25 R4 O [ -4
=2 1 aG 247,651 1 -
27 U4 =4 IRAROA | 7. 74
& S.Q.‘l 34_'1 93 ~4 \—7 - I:u
= 1 1347, 91 3 - R
34353
SWITCH |RERSIST.]] DC RES. T.C. DC RESIST¢ TC RENARKS
E . NO. 6s5°ct3°ql rme/°c || 175°ct3°c| rmu/°cC
27 1 D1 T o llde= - ! I
. a5 | ~1 4 = | Q) >l
% L7701 4 20 - > Yol
—-ﬁl—— c <A ' - + o~ I
o) 3 | A 2
53 'JL "" -l ] ~ PO~
L2324 d1] 4 2% J| 2ds a4
e + 44 | 0,94 43
l yad N0 o S
 — z
i

WOTE: RESISTOURS MUST BE STABILIZED : 1°C FOR 30 - 45 MINUTES BEJORE MEADING

Ml?m..ﬁ it s

OUSENS  r0-w- gy

B e e T “



L U - P

DEFECTS ALLOWED _ ] METHOD PARAGRAPH: 4.6.12
WOMINAL RESISTANCE __<4SSiK 0 OVEN MO. mre 28 Avg o2
CBARACTERISTIC < TIMP. CORFFICIINT: 30 PPM CHMAR. C.P.

SWITCH|RRSIST.IDC RES~ |DC RES° ‘| T.C. DC RESr+ | T.C. nc RES /.~
NO. NO. || 25°Ct3 |-15¢3C |PPM/°C }|-55°t3°C |PPM/*C [j25°Ct3°C
=3 21 ASY 45928035 1 —4  RAD71594 !
7 - AS&&, — 1. 456
2 122 g4 = A6 -0 0SS
T 3 4 L Lol 1320 | i QLS
20 5002Q] — : = 500
T A ASRTS 4 B 145929
22 1 7 4S0c0l— 19 4SS
. 3 YH P ~ A 1 =00 28
{ d | 45721 [4S6.71 ST
s | 4058 = =9 49099,

J———r e SR

SWITCH |RESIST.]| DC RES. T.C. DC RESIST
NO. NO. 65°cti‘’cl Pmt/°C j| 173°cet3*°c
= —
) 1 =21 -+
B 17
s T
- (Y
—Qﬂ—i Y T
. raa“:
=24 —
=
NOTE: RESISTORS MUST BE STABILIZED £ 1°C FOR 30 - 43 MINUTES BEFORE READIIG

RESISTANCE

Vactan Vit G, S i iy

IR w- 10T

v e e e e e

[ T SR




R TR

f’ DEFECTS ALLOWED ; METHOD PABAGRAPH: &.6.12

MOMDNAL RESISBANCE 2 M 0 ovewo. M 28 Oog S
CRARACTERISTIC - TE(®. CORFFICIENT: 50 PFM CEAR. C.P.
STYLE BN - s 25 PPN CIAR. B

SWITCH nsrsr.' DC RES~ IDC RBS" ‘| T.C. DC RES | T.C. [HDC RES' "
No. | wo. [[25°ct3 |-15¢"3'C |PPmM/*C ||-55°t3°C |PPM/°C J25°ct3°c
N =Y 20 L 12003l — 1 D00 = 12 o030

2 oo lisesaligao - 9 HISSa) - ESEES
L o3 HLSeaslliogdald | LS =¥ FR=STS

A 24 K [, ST I Sac
5 2 lIhaodsldocosl 4 a8 Haoo o ll 20046

[~ 20004 | ~ | 2010 — 26 XX

; gg Lassollasag 1+ i S } SRY.

!SSS] ST 00
) LS 2 20012 | = | D01ds | — 3¢ HQ.ocms
) Is] FYse==1E Jl a¥e =2 1’ Q0=

SWITCH RRSIS'!.I DC RBES. T.C. DC RESIST
NO. NO. 6s°cti*cl PmM/°C || 175°Ct3°¢C
| Ql , —-_
2 1 3 I Q1142
K ( Nelo =10 I S (==Y :
4 ~ } “H \
s N
[~
-
t= 5
=T e =
@) -
¥ ATC;HS :;-\af OF TWE LOAO LIFE -res; L.lA“O WAas Found TO WAVE WAD
- ~ (<313) O"l \QM\.V i |.O TQ T &‘rg N,
worhi BisaaE i BB RS Sk R
mzsm

ﬂ“”‘* G- s/ P -

P77 AR Rl b



CHARACTERISTIC - TEMP. CORFPFICIENT: 30 PIM CHAR. C.P.
b
SWITCH|RESIST.!| DC RES~ | DC RES - T.C. DC RES | T.C. [DPC RES'"
No. | wo. [l25°ct3 |[-1s"3'c |{rem/°c [{-55°13°C |PPM/°C J25°ct3‘c
-1 1200 = . wlop’e
- o 1990 - AR
-4 [ ~ v -4 5 8 = Yule
1 i S5 13 \ 1 1.9
g C XS - I OOA0
- | 10 b ~ ¥ C XY
-+ LSS ITIRY
| S T103 ) ole
! r —  S0145 | -2 Ho.o0cne
> — l nrfe o — ' o, C ) M8
l | x
! j
3
SWITCH|RRSIST.| DC RES.
NO. NO. 65°Ct3°C M
=
! bl
S » 32 \ -
L Sl a3 QOO0
4 LRy
= o e id
S
=
;=%
RS !
1Q

A't THE S1AQYT OF TWHE LOAD LIFE TEST

COLD SOL

LEAOD wWwAS FOUuND T wWavE WAD
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M1L RB-10509-D

DEFECTS ALLOWED __ 1 (INCLUDES T.C.)

ON

METHOD PARAGRAPH:

4.6.13

OO

v

Qe

NOMINAL RESISTANCE A o N OVEN NO, _ = START DATE =23 O\ G2
CHARACTERISTIC < 10AD VOLTAGE 2.5V
STYLE RN O MAXIMDM SEIFT: #£(.S% + .050)
INITIAL 250t 8 M.
SWITCH| RESISTJj D.C.RES, & HR (00
NO. NO. 125°C DC RES. %
VA L d 125° .
. =L ORIy SQTd4l s
2 ol BSOS soadal 4
= 2= IR e =
4 =1 L2 O).)-4 < z .09
3 o SO ool 4 1a
& 26 | 502421 A 1=
1] 27 =033 2 :
=2 =) 50,447 508161 4,14
5 =25 [TV 1 4,1
[l@) 80 =R 4,10
7500 £ 12 m. 750 © 12 ER. 1000 * 12 ER.
STTGR | RESIST-lpaTe S-S mucoo aTER-0om. ool MES0Om. 1100
.NO. NO. D.C.RES % D.C.RES. 3 D.C.RRS. 3 REMARKS
® L] [ ]
) = =4 4 [T = 4.2
2 4.2 Ixn2a=14.25
= < 419
< L.2Q
= [ 02951 43S
= = ' £ ¥~
Ll = = 2 L2
= £ £ 4.9
S .23 4,20 4,29
[fe) S| 4.7

Tta fotienr <o

Pl

Ao 70 b3



MIL R-10509-D

RESISTOR LOAD LIFE QUALI

DRFECTS ALLOWED __1 (INCLUDES T.C.)
NOMINAL RESISTANCE __ 20001 0 OVEN O. _ D START DATE D Qux,| &2

ON

S
MRTHOD PARAGRAPH:

4.6.13

G!

1OOD vis

CHARACTERISTIC < 10AD VOLTAGR 1SN/
STYLX RN o) MAXIMOM SNIPT: £(.5% + .05Q)
INITIAL 50+ 8 M. 100 + 8 W. 250 £ 8 R,
SWITCH| RESIST§ D.C.RRS 2 INHRIEOD DATR 32 HRI1AOO .2 IR |b()q
NO. NO. 125°C || DC RES. % DC RES. 2 DC RBS.; %
125° CHe. l]125°C . 125° .
! ;Ej__ﬁ_ag\a_‘gaﬂm;:n .11 20132 20050l 4,20
2 22 Iaxotoolaoiat 1 4030 40l 4.2
3 1 23 lyxoroalion=r | 400 23 Leitl 4,22
*A 24 4,003 20002l A 1o
5 a5 lacosilizorar ]l 4as lloor, 425 1
& 2 ooz oo s 4 oot O,
1 21 =
_ 29 22l 4o
2 \ \ D5
10 gg__' 200,44 4 .e,a%
x ,
500 + 12 ER. 750 ¢ 12 m. 1000 £ 12 mB.
SWITCH | RESIST. -1 R 000l IATED SO M.IO00 0-10 ER. OO
NO. NO. D.C.RR8] % p.c.aps.] % D.C.RES. % REMARKS
(] L1417 . Y
. CHE.
\ by \ LA [R=NNR 4.\G
2 XU E TN o] 3] 4.Q4
2 F Tl LY 14,7
4 3 A
= - .04
e 4 .37
1 2031 1 1
8 R 214,239
3 10' yi a
{ Y -, Y
K DATE! SOMETME FROM D-19 TO -2 POWER SOEPLY WEWNT

OLT OF CONTARAOL ALD WAS OBZEAVED av oV, Numere
OF HOURS AT THIs VOLTAGE WAT PROBARLY LESS —THew)

o) gk Gty

r0-/0 ~4>

VEHEN R




MIL R-10509-D RESISTOR LOAD LIFE QUALIVICATION TRSTS GROUP IV

DEFECTS ALLOWED __1 (INCLUDES T.C.) METHOD PABAGRAPH: 4.6.13 | _ _ . .

WOMINAL RESISTANCE O ke fi OVEN KO. 2 START DATE 22 ©WLOC, &7
CHARACTERISTIC < LOAD VOLTAGR 1S4 \/
STYLR RN &0 MAXDEM SEIFT: £(.35% + .05Q)
INITIAL 50 + 8 HR. 100 £ 8 BR. 250t 8 m.
SWITCH RESIST} D.C.RES 2 ; S-20 =\ 10|
NO. NO. 125°C § DC RES. 3 DC RRS. DC RES. ; b
4000t M CHG . 123° e .
= Y 298 DT I G S
1o ] oY~ ull eV e) 4,21
L =22 ARSI I 2331 =17
(& 24 OO B s AT
1S —~r 29009 aes. 0l g .20
o) 26 S 2SS 0 R X
oyl 2L 00 lR0 VD | SSISE
2= 28 o332 I ore Eela)
ol 2 L2050 E IS
14 Nl ESIRS1 PSS =
I |
1
750 &£ 12 m. 1000 £ 12 ®R.
29000 L IMTHOAOB 1100
D.C.m. nnc-.ud 1 m
: : > -
3 Hscoal ]l 428
1201901 4.41 -
OO0 4 .31
e - —{ J i |¥
~ @ QL0 420
- RO 21 4. .30
- ® ~ d.m
R4 11 4 2
- - » CY] j.ﬁ
R 120 1,6 -4 22
i
A/ e ;
BSOS /2R




MIL R-10509-D RESISTOR LOAD LIFE QUALIFICATIOR TRSTS GROUP IV
DEFECTS ALLOWED __]1 (INCLUDES T.C.) METHOD PARAGRAPH: 4.6.13

OO HeT
NOMINAL RESISTANCER 425 Q2 OVEN NO. _ =2 START DATE 25 QWG &2
CHARACTERISTIC < LOAD VOLIAGR IEV
STYLR XN o5 MAXIMDM SHIFT: £(.5% + .050)

INITIAL t 8 m. 250 £ 8 m.
SVITCH| RESISTy D.C.RES 2 B1200| DATES S BIGOO,
NO. NO. 125°C [ bC m=s. 3 DC RES. %
LAOO H . * |___CH3.
1. =21 4;333;,'43,35}_._. —.<oes JA9T00 1 O
129 PV [TaNteEl [Sata sonas] LoD
171 o= =y DA EA 2] -4 &40 4.00
15 24 SO 340 80, 20650] 42
) —rE Sooaqsisn.dIo 0204 | 4.2
20 2 EQusgllsogeal 4.0 !
| 2 o —03 < so=a0l 406
2 28 IFoAZ Wl Il EWNEY-Y = 23] 4,171
el 20 15004 FQoma) —
24 120 leqoas)soomnl - S .0l
' S00 £ 12 M. 750 t 12 m. 1000 12 M.
- SWITCH | RESIST. -1S BR.IOOO] DAT S-:SF_Q.\_QQO !ﬂ‘o"?ﬂ~ o9
m- mo D.Com< x i D-c-m- 1 D.c.m 1 m
: Cie -1 123° b 1 Clg.
\E, 7 e sasali. o o404
i S Fe VB ET-W | [T<%YTH ElT-
T s | () () o] 3 (N i () A ) :L.lé
IV 2.0 ) 124
153 EWYE I 1445 1 4=
20 | - Q.24 -, 13026 | 4. 20
Y| Qs Q23 - e wil W
22 =W QL2 el lenwl ER-—vH
23 QT QUQ=, 1SQ45 1 3,20
e QLG a lIsonel Lios
i
ecte, Pt -6 : ~
CEAENS o0 €3



-

MIL R~10509 D RESISTCR LOAD LIFE QUALIFICATION TRSTS GROUP IV

DEFECTS ALLOWED _ 1 (INCLUDES T.C.) METHOD PABAGRAPH: 4.6.13 ooy i
NOMINAL RESISTANCE =2 A5 W 1 OVEN KO. _ . START DATE 2So (Y )G &7
CHARACTERISTIC < LOAD VOLTAGE =ZOON/
STYLR RN &E s MAXIMUM SHIPT: £(.5% + .05Q)
INITIAL 50 8 ®. 100 + 8 ER. 250+ 8 m.
SWITCH RESISTy D.C.RES S AERIGOO m-;g\:bo- DATES -+ HRIGOO)
NO. NO. 125°c (I DC RES. % DC RES. 4 DC RES. ) 4
LAQO °c . 123° . | cHp. |
27 = =405 =l Ao= fd3dny 423
2= da AR 0 ) RBEC e 14 HBRFEs S 4.2
ez A 2.4, =48 Ay 14 {2 3.1
L) 24 A; = =y J‘IA 2.4 +,2c
= = E 2[4, gl .11 =245 sC A 4] 4 1]
P 2  I=4 Seoo=l 16 e 0) 2=t Aoe
pohod 2! 2E0 4403051 4 16 HSr00a fob i § BE W=
L.=4a ial 2AD N3 AD S L 412 U= ARES =000l F4
a3 ) 20, 41220901 3,14 IIseo Deloml 40D
e Clolll EXE% %1 ECNTS) 4.4_#5:@3_ asi o]l 4,23
SWITCH 1000 t 12 l:l(
NO. % REMARKS
_CHp.
2 4.2Q
2R 4.2
=<9 1.20
=0 1.30
£l 1.23
22 AR5
S .}..24_
| 2 4.20
s r..-.L..J.B;
240 Eiel-N

et i e Gy

CEHE IR 10 -0 -82




SOt

MIL R-10509-D S1STOR D LIFE QUALIFICATION TRS G
DEFECTS ALLOWED __] (INCLUDES T.C.) METHOD PARAGRAPR: 4.6.13 | i
NOMINAL RESISTANCE Ao W N OVEN NO. _ 2 START DATE 2D QO ©%
CHARACTERISTIC < LOAD VOLTAGE SO0o\/
STYLR RN S MAXINUM SHIFT: 1(.5% + .050)
INITIAL 50 + 8 HR. 100 £ 8 RR. 250 £ 8 HR.
SWITCR| RESIST n.c.mirmi\‘mcm, DATES 2 HR 1200y DATE D& HR 100
NO. NO. 125°C || DC RxS. 3 DC RES. 3 DC RES. %
400w | 125°C | . 125° . 125¢ .
50 24 ATy, ADS - Acxyay] AaE 5001 4.3
171 ~ < A 1 \ & AL { Ay e8] 4.1
1= 23 F S ACK = 4.7 4703l 426
) S =1 e 150400 osaorl Ao
—_— S 21 404 50304 13 Sz =al 124
| £ 2 A 4 1¢s £03 .50 L] -l .24 -
S5 4 =00351 4,14 = 424
~ =, 1 :hla
3 A ~. m.ﬁ.\ .‘ A‘ll “AlA
) Qr -4 QQL d@ F-—M
1
: [ 500 £ 12 M. 750 = 12 m. 1000 ¢ 12 ER.
SWITCH nxsts'r.; TE -1 4 B 10o0]] DATES -3 R 1060 10- \CHR. 1 10C).
NO. No. | D.C.AES] % D.C.RES. 3 D.C.RRS. % REMARKS
M : - 4 125° (& N 123°C -
1< N EGTE (4. 23
1] N D1t 1
kS 437 43] 4,22 BAS7,71] A, 2 H4x7 .7 433
1 1,82 lI=oscol 1,34
20 d.a53 HIrcoax] i 22
—al 3 L4 .52
-—Rl d&\
e L 130
=4 A 4.4
= i R
67 Y g . I

o ~rv ~£S




e

MilL R-10309 D

DEFECTS ALLOWED __1__(INCLUDRS T.C.)

14 41
METHOD PABAGRAPH: 4.6.13

ON

G!

OO VWS

NOMINAL RRSISTANCE _ O (Y} 1 OVEN NO. _ 2 START DATE 2 QWS &0
CHARACTERISTIC < LOAD VOLTAGE L,ONC) N/
STYLE RN 15 MAXIMIM SHIFT: 1(.5% + .050)
INITIAL 50+ 8 m. 100 £ 8 mR. 250 £ 8 BR.
SWITCH RESIST] n.c.mqmgvboo DATRO-D HR'\200)] DATE - HRIGOO]
NO. NO. 125°C || DC RES. 2 DC RES. [ DC RES. %
f4o0 Hos i 125°C . 125¢ . 125¢ .
! el 200 I .cosaly S =10 ENY] $cdl .20
= 22  Rioai) fvaasild o yasond L5 L.l A e
Pl o 3 LASSTHI ER=>1T o 53 5 AN W)
o =5 = 2010 T4\ = (olinl>% EiNeE
O 200 St laowaa ld s, Hacnzaoll 2o Ihoal ll 25
1 ~L oo\l bXa'd TV EINIZ! ORIl 4 2
S o2l P RalINEY PRTENH Emibln
ey 25 IO 12,001 e o oo ld 214
< e 12,0011 £ SN I e N |
i 3 ¥ 2000 | ] ETRE

¥ TomAar READING DELNOTIES DOOO TOLDER COMLECTION OF RESTOU TO

RAacwk,

(varoes

IO QUESTION)

S00 £ 12 HR. 7%0 £ 12 m. 1000 £ 12 HR.
SWITCH | RESIST. ln,ve .1 BRLIO 229 IQ{ORR|
m- m- D.Col”i ‘ D-c-m- D.c.m . z lm
® ® ®
g " [ 3 [ 3
| [T T 4.29
= (S Al 4 4%
A 4 .37 4 .33
b} N1V I S <Y
<] .38
< - S
[ = lo]L-Y U I \DA‘
S Y 4.2
1 1423 NaYlleoW I IN-<;
—1 4.7

PR AT 4&’9’

PN  o-m-C




" MIL-R-10509-D

DEFECTS ALLONED _ 1

RESISTOR QUALIFICATION TRSTS _  GROUP Y
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